Ay 
She 


E 


oad oe 


Sah is 


2 
wae 


Shay 


: 
| 


Jt 


eee a 


ores 


NOES 


Si a ei ee : : 5 Rs CESee te 











~_ 





THIS: BOOK WILL HELP YOUR OPERATOR 
SEE: THAT HE GETS IT | 


ddsttuction|-Book) 89136BD 


Supersedes. 89136A 
VMOITUAVeAG JAAAMWAo 
s ot bédensdze odud s to eteizoo eduT veH-X ogbtlood odT 
al..cotoim §) coin: s to ebotbaud wet s asd} stom: Jom jo styeesiq 
ed vem ti dadt boenstis o2 ebordtso s betioqque at cotdw ot (cre L00.0 
hotosnsaoo gait to webnilyo gnitoubnoo yilsorsoslo os ‘vilsotitosle batsed 


apoot ot as di od sansisiet dtiw bodsool.oe brs sbodiso. Botsed: edt 8 
4 3 


doidw tegiet. 10 oborltso-ins os bas tegist s go eyst sbodsso off 
sborrs 18.28 enoronsst 


QOITeIAdTTOAHAHO 
atid COO edu L Lit OO. ( B +0 X-RAY Jared 1ogert a 
; :Qniwoa {fot 


este odgd ofd chenoidd Jnarino seitsdoerhb oVl 1 
batsed 


jneiiwd ogtsdosibio tavomes odT 
dd: bezaaq taotivo to tavoznt. sdt 
.bsouborg sisreqored. old yd 


vd beatramdéteb et eyerX edd Jo tewoq saNsiwonsq ofl 
. elsnioriot odnd ot ezotos sgstlov 

ise oft ots eogstlov eninnoy bus onidisia of TL 

ait do osie ot yd beninristeb ef Juqnat yerette eldswolls. olT 
Joqe Iscot 

~arregosisdo to.ogasdo juodtiw aldieeoq ei noitsisqo avonniiac) 
Rois 


When acne supplies specify “ eigey s ae Electric” 
otheog<at bex 


ea 


at. Joga iscot od T»-.¥ 
2RAYE 


ant HABE AT, SP RORRIC COMPANY? 


CHENECTADY, NY, -X ogbiloo) sqyl Iss19vinU 
S dul YeA-k agbilood ‘aqui sofeibsa 


5 4 ‘ needed eit > sea 
Beri asec eiebanna eS ates wisi Winches Mehdi alt its ASR SSS ita eich Sauce ala asses heise Zs 





ee 










































AOTAAAIO ety a 
AY YAASAO AUOYT 9 tah LW: AOOS | 
aids waren oe - OO eta eT 
Ti G { vin “Ab { 7 AW’ r cee . Git Se E | 
| a UNIVERSAL TYPE COOLID 
4 GE.X-RAY 
| / no silaa “pHs hatoach2 TUBE 
a cRIPTION 61 bor, gry 
COOLIDGE: oe. 0 | f UNIVERSAL TYPE B..09 
AOETOS 25hee1 q The bulb of the univ . 
GEN 4 Babee ane a ersal type tube ds J 
| ERAL DESCRIPTION ; ; | tely Prva | 
The Cooli | HE aN ) Vis LOVEE er: 
idge X-Ra ry x FH ree sok ¥ + = errs ee y | 
pressure of not m y Tube cosists of a tube 4 SaUT YAS-X a “_ 
0.001 mm.) in Lae han a few hundreds of a OTS eh toa a FAUT YAA-K AOCLIOS 1ayT Ixestetvire ae ore mae | 
S$ a : oe | = HCMOWMA .e .3itl 
heated electrically; an a Hes a cathode so arranged that micron is | T Ma ME B, wht i AGOMTAD OU et | at 
to the heated ctrically conducting cylind lat if may be _ LGPL ITAGH. FT 10 a OH oat 
cathode and so 1 , ylinder or ring conn i Soh ensom vd. 5 THM 
the cathode rays on a t ocated with reference to it a “ae | | so Jullgex sud DoLepe) °C, pili, agipain—obe | 
i t ie we Ps ae ee 4 5 ; y Sita. are i Sei | 
functions as an arget, and an anti-cath se es, | lieve dmeTwo < * ay at-_vidsted dT went 
anode ode or ta ; WO “Oty tented ch ce cna 
; feo wen -— # so}19V009 2 rod sae - sion “‘tovororiw gen an ane mitt: UT, 
By ig Phy ah L Poi OMOTHOM {2 § ‘eto? tO erheert ae Y. BA romrioien sts 
CHARA vi Ba bebremicnosst 9d of Sear igan2 ot orott toditre .ole . 
wes 1 A EY | oft at nottsutonh to qotb onl Sie rormohatts ws dooTuo jnonasla oat 
€ important Garis Gea. mG Fig. 1. UNIV. 23 es et orollt oredw wf 2 wats | 
Sean ee idge AO ©, t ai jnorio) gatisaredls RSAL TYPE COOLIDGE X-RAY a i nek 
i N d are the | THE, CATHODE 1.0 ee 19" es Tork W boer vis’ TSNT99 ot ea im NY 4 qqG T [Ne Tf TSOTEEE 
; o discharge iq ) = yO [Orehss WOl'S SVS sce ata i ei a ek tt odT 
eg ge current through the tube unless the fi aden hilament i¢Ad pl dtigo 2¢ ie wai forriotansit enT oldsttsvs 
2. The an : 12 filament is oT closehyowbund spiralsof tungstemswire (2 formsestie “Ca thods,o consistss aflo 
. Cc bd @R aes Sorrata od : : § g + ss 
oe of discharge current is det | oaks od [lw toemrtolensts nine to Hes dite to ensen yd fo: pad | 
ermi een yidcguotodt od db -tecdi | Git sbie notenst wol off 
‘ by the oe of current passed through the Ae Siege ad q + see St-tedt tashoqmi at tt dr 9 — wol ort ef .sotveb 
bee os, mperature produced. ament pag hence i bi mimes eos odd bers bavore of ae to Isitnetog Int edit 
he ' ; ° id 10 99THOe Off ef 99 aie ‘ + state f 
| e penetrating power of the X . 4 bas osgstiov tc Pe toe ren + eo moit betsinent 
/ voltage across the tube terminals -rays is determined by the ic i oN sudan le inf jed sastoi2 ofT 
4, Th be ~ * (4faxz oP e oe es I se JESTINS Qi se 
ee eee ee | (Hlov-S1 70 -O1) lode PIMA: «.\0. 011 ot « Sg: 
5 ages are the s . ek. Gator cassette uy old .gotb onl : 
_. The allowable energy input i . ame. ee 4 te 02 sbsrr od Binod pf rad Roeiisd sgsiole oft re 
foca is determined . Jinouo gargisdo orld od pue tS + BES 
6. Co ou ed by the size of the . tinotto fonem Dee . ee ie es x. tg ie ri | 
ntinuous oper ne Raa ee A ysb «oss omnis od ysnt yisitad “orld | 
ation is . & 5 £ BOT ot vitsottad 7 / u if 1 
Q ch ee ae change of Shae aeris : JnornKigsas aie ort ewolls’ atl | 29s eatin aie oe | 
oe, ~ ; J Bp HOD Sok Wy 
© 7. eine {DISS tl : Pe eftiqgorh Ilse EORDNIVERSAL TYPE COOL ot beeolo od blvode | 
iy 0 spot is s fixed i sada poriddse eth ey ie o1b Iso atlov -8.k IDG BARRA 
i in position. sho nadW . | FOCUSING DR: oe, ys ae ogetota: peo pe | 
a TYPES | 4 a Oe it Bivbsent et tI (etlov © 1 stove: eeisio. yviut A) 
Ee 3 : — siconsists of giicylindticalltubancdl o iniog sidete''s oF ‘ylbi | 
. a with a flange idricall}taber:of as: od ‘vibtaqs? 
es | a whites , mounted concentri : inohybdentum: 3B) tsFig ne 
el Keay es | itsr anne Re ricsvwithoithe " e3 25d 3 
ifactured ee > nends ptojecting:i nitingstenlofilameniti | 
Universal Type, yeahs e X-R an thes eit types: Pal oe latter.io Besidés ine iabbontc0s5 mmi} beyond: en! ofiiamentidand: 
Radiator Ty 20 : vo ae - seginipsdeclseces aterstinedn ofocusing sdewice ib alkot — | 
Pes Coolidge. X- Ray ‘Rube. YUATIAMAHOS a abokeottoo, ad vent 2i ecbaclorofitheicathodes bh oJoprevents: amy! | 
Radiator Denta 4 TI-CATHODE ee nee Ge eben bbs Iw sdigasl tao7g | 
| ental Type, Coolidge Be poate Mn ccent eee. Toe as o 
| Type, Coolidge X+Ray'Tube: ; : | | BE tie Cara Isnoitibbs Jali 
- , : ee SR Td rolvaod 10 Guyane 4 . 
es consists of Tanw, A Reena bat Fig. 3 els Sit “ 4 
Pe ee Oe a Al, SVS a8 | 
fhe: tun apis | 
gstenor1(€):a tracked . 1 


SE eS OEE Sepeiee sd 
vj Geese eh is is 
ST AAS se nl SL SN a ae 








, 


t lyb d 
‘tube (B), AUNT GASHIVIN FO 


“@eootary!'cor(“a)rotaryaconvértenuotw to sosiq signie s 


So tgOBEHT becaingavgipnesists AQYT JA@AAVINU 
5 MOTE ‘toctia® split iron 


envolenwaMiId 
d+ to dind odT 


C 


E 





stotemstb mt wat Y af odud sqys Isetovien: 









Fig. 3. ANODE OF UNIVERSAL TYPE COOLIDGE X-RAY TUBE 
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Phe cathode filament may be sheated by means of a. ba 
ora -small—transformer. The battery is universally. seep The 
transformer may be used wherever there is alternating current avail- 
able, either from the supply mains or from ’a synchronous converter.* 
The filament current transformer is not to be recommended for 
radiographic work where there is-mttch line drop or fluctuation in the 
current supplyaauT YAH-X TOGIIOOD AIYT IACARVINU «x .2i 

The transformer is generally used wherever alternating current is 
available. This transformer should have a low tension output 1Otc dD! 
yolts, andi net over Siamperess Iti should be capablesof sfinely @radidated 
control by means of either a resistamceovor} iwairiable binductdned> 
device. As the low tension side of this transformer will be brought to 
the full potential of the fube it is important that it be oe 
insulated from the high tengié: 
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line drop, the use of a t {Or 
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ig the night to the charging circuit. 
Before using the tube for ‘time each day, the filament circuit 
should be closed for a fewAminutes. This allows the battery to reach a 
stable conditionsand <soi.eliminates flactuationsiéna the: filaments@urrent. 
(A fully charged storage battery shows 2.5 volts per at dro 
rapidly to a stable point of 2 volts.) It is inadvise f aaa an 
batterydat, frequentidhtervals Guridg}tiesdapibwine to is a 
instabilitynim!voltagegefdrreditosibovenineonoo beinuem ,sgash s diiw 
ot Tichattehy teadsbother! tham thésdifiurnishedowitin thestabenareliusedw 
theys shouldomotodie of gréatér resistante sthan theses eBleads. of.1tdts! 
great length will add enbugh=:resistanc®.stos then dilament!oeircaiti) $ole 


that additional cells of battery may be peeded. This may_be corrected 
THDAAT SO AGOHTAD-ITWA 
by the use of heavier wire. 
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-2nstWhether the ibattesy oritransformeris usedoforlheating! theofilament 
the best techniqué:demands the tuselofvan|iammetervinithesfilam ent: cir- 
cuit. The meter should have a 5-ampére scale!largerenougl tol be ealsily 
read to the nearest hundredth of an ampere. TMATAUD FO IOATVOD 
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jooofMheotuberishouldinever -beroperated:tino connectiionis withied Vitrans- 
-former ror ftan|tinduection: coils switheut she cinterposition ndioa jsuitable 
walve dil ot mechanied| ateotifesqmis-¢ s oved biuode totem: sdT © dito 
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2b ta @apacityicnelerscitd thésarhombtilofd energyis thatra + frabes farilid Garry. 


Energyiumayicve considered nasetheipneduct ofiithe .vdltagels(sparlmigap) 
anitiplied sbyrithéomilliampera gest he allowable senereywanputsissdeters 
atiined: principallyiby nfdurothingsy: (b>stanget material,2{2)Jarea oflthe 
focal. spot, (8) time during which the energyzisrappled; (4)itempératiure 
obithedaseét atothechegimningfoperation.zyotisvy to simpinrood oT 
coidviherainetallic tutigsten assed: for sthemMtiarget :facesiof thes universal 
type tube has a melting point of about 3300 degiGiiqHnetpyimust: not 
be applied; ta qtiantities sufliclentiotos raiser thdsfiecal: spotyédothatl'tem- 
peratureostAsmapproximnatelys 99.8ii penseentsoimthe efergycappliéd to 
tle focal spotdis ednyertéd mitoghedtsithe! limitiof thet allowablerénergy 
input is the amount of heat which can be removedoinontenthe focal 
spoidandedissipatedibyythérimbeoibs: eaitrste 10t bodtem slqamte A 
The greater the area of the focal spot, the larger the axnouttitt of 
energyiothiebothaydbeappled tolit.ctodw jclgmsxo tot ,ses9 6 olsT 
codtrkhediOnivetsalidl yor nGookidgeotubes carenclassifiel amy attiordénce 
withsthe Size efstheefdealsspoteandarditnada)in thiemsizesdfine,ziniedium 
and bt oach fadas.oc The: finésilogis dub i$ reebituaendell forivfiluerescapy: 
aiid jfor, sradiographia: work owlerey sharp d¢fintiiomeidodasirediandslicavly 
Gurrents!} aseoinotacaquiredo! Ble medium ofoeasrrbithes will thesifoisid 
Stitable;dos wiostimadiographie, Raososcopioraid Lghtstherapéutic civomice 
For. deep therapy and radiographic work where heavy ‘estsembs:ildra 
requised, dhe .baoddadocusiituhe whould dibchouseths Asathenalldwable 


' eftergyiinput isaletéhmined by shersizeof dike foralospét;st liscadvisahle 


always toskeep2the amount ef eushent usediwathincihs following Jantits,gas 
by} soodeing the seperatorsis rim -venérabzassuredy ty satasiactony cooperation 
and long otwbeclife. 2Basedion the voltage:lcorresponding te: as6+inch 
Spatke gap between points, the cfine| focus tubesshouwld: not héomade:ite 
eatryomoreithan;:25 ;omiilliampetes of} chrrentsithecmediim fdcuslo50 
milliamperes. and :the| broad qfoeus;:80>milliampereseidlH spdssiblesratirid 
always jadwvisable:to jstart;yexposures with the btargeteccdldy. or cat @ 


tiemperaturer:belows that Se ieanes Bae tosavisible brednessinwhénrithe — 


energy input approaches. theseslimits,.oThesttibeimay: bevopetated lab 
either, greater fornless:woltagelias indicatedbby dite —parallelaspark! gap, 
but? the current]! should ibe feorrespondinglininereased onsdecreaseddso 
that thetotalhenetgysinput tever2exedédspthé diiminatidns: given: Above; 
jon 2Lhesabeve sdonsiderations) apply tecithetubeowhenotsed stor sradios 
gtaphie work. jFor ncontinuous|ioperationilin radiotherapy, dthe limiting 
factoriis ndt soimuch:theltarget agthe-slassqof thé bulb:s Hoisqpossible 
to, get the;budy of{ thectanget sdihot; that, heatiradiatedidoom ithumay 
ease gasste be driven out! efdthe glass: orsmaysevenameltrthes! glass: 


Adequate) cooling:i6isthe; bulb>-bynferted dir circulation: isinecessariyi to 
preverit shiseqms edt brosven bas -bsornedt Iltw od stoied eA .qsg 
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. METHOD OFOPERATION 

vriefheénfilament antst! always blighted before high ofensiotocartent is 
apphiedito thestube. oc This precaution! iscamorecfor ithe ssafeguardinen df 
theopatientyand;thecapparatus: thah for protectibincofdthectibalgitThis 
applies co.ctubes,lwhether soperdtdd ) imocorihection vwith | dnductiorbsedits 
ervhighstensiéaé)transformetsygiono odd clorcdw enitrb emit (8) toca Iscot 

The technique of various.coperatorsianditthessoutéess éfcexcitdtion 
vary so much ithatsit asodificalt to make detailed sugeéstions! Which 
are dniversalipndbplicabter y 00&E tuods to taiog gnttionr s esd odd sqyi 
-mio} Phelfollowing genetabdonsiderationsshéwevenithayhe of valiiegs od 
ot Dthechigherthe filament current) the@reatersthe:milliamperagelistog 
vor Fhelhighers the! voltage! agree Beg Ithestabe theo@reater’ the 
[soot epdnetrationevorie: ed sso dotdw dtsod to jemome odd ef tuqnt 

A simple method for starting radiographicl work) awithie-theb tubeods 
4s fblhowses odd tootsl od Joga fsoot edt to..sots orld rotgorg onl 

Take a case, for example, where.ithe dpératermchass bednicdoimg his 
workowiths the higheciension transforniéroGontrol lon ste id 0thebutton 
withshis,ottibeodrawing :802 milliamperes} odkin|sthisordase, owl othatiiis 
necessary with! the Coolidge: Tube vis ctoclight wp! the.cilamento having 
thefilamenfcontrokiset forthe least. possible amountof ieartent, iset ithe 
higibitensionivtransformerocontroboon thé lothubwttonjocloses thénmaia 
switch oandqadjustithé filementoccontrol antibithebtubecis drawingsi30 
mitlianoperes; yvsed orolw sow oitdqsteotbst bons yqstedt qoeb 104 
oldsWHaMingrloneé: adjastedscthelstube touithisocbndition, the Operator 


shovddy bread Jandqresord the lamperagé id Othecfilapient tcouite iste — 


reproduce sthe cconditionithewthear needsi:merelyn toradjdstotheo fkynent 
curtemtato vii samiee valuesandssét this hich etensiem tra nsformerbcoatrol 
oniithes samecibutvormnodmsthisy wdy,cafttereshis .téchaiate ois! cine 
estatilished! hen neverlcests theotibelibyloperating nbQgwink dss alided 
Sclelyuoby mthSoammlétednemdo the chigmeHsion ¢fransfidrmepcicortitl 
biuttone!d While ifhisamethodiiisneehéraliy appheable dit tytn ogousiversally 


so, Jas ib wilbcbeldiouxid that caith certainxpypesief @eneratershshe wane. 


ednitrobdbuttemitend cihelsame gnilimenperae tslthasobeenonsedeavith 
dthéwisbenwill notegiveltheasiine péttettatiod? 2oclosciggs tuqal ygiens 
G83 Inteothelslbeses, th rddiomepher wwillopelaccustdmed tdsadjusechis 
tabecohyraneans bfastheniniiikathmeterrand o¢h}lpatalieiowap. odt Trig 
provdurev carenbel.aapplieddéquadbyxas i1avelh todthicv OoddgsoTube, Jada 
wilbs1atantalbyzbenthovone first lised igcalb cases wherenthe operator is not 
fartiilda with, vis tmlaeliine. oi Kine wing ota Ad! wean ts) “Lorslexanplegs20 
niilliamaperes! andlial 5th ioparaliebrgap; Ineiwilb:Stattumith the filament 
gontrol adjusted!forsthesdbwest} possible Joaprentls He Willdthed Hedjust 
the filament scontroloandcrum wpsta higher buttonsyom the adakrscontiel 
ahtilitieotubet isottrdwing 20: milliamperes land backing apo thés Srintoh. 


gap. As before he will then read and record the amperage jivehe 
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fildment:cireuitland thé number Yof the went? Bonen cand owiletesee 
sequently: ‘guidedesolels Byethbasly odd nidiiw,cosiq, gnisist sgyneco emor od 
jookWVhenoexcessivelyidhig ho enekwy oinpnlts tae lemiployédj the: Aungstén 
atlithertoealespot! melts andovttatilizescthisadlts in a?sudden® lowering 
of! thentwher résistancebwhisk disteipearwOlmtantly “pon! Towering” the 
ehergy input, but! thelwagbribebtane stew deposits invarghia fila over tHe 
actimestemispherecdfetheitebe) lasphissrmiteordlike metal “deposit oh .BHe 
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subjected;.to; prolonged) exposure toi X-raysis This fviolet:;coloririsndue . - APPHARANCE(OD IEE TARGHTIOOD AGYT. AQT AT CAS 
to:some change talking place within itheelastitsell eiadoish bbelerttit aie eg : Ly, acfrosted,anea in, the center, of, the target jface 
less.);;»'The: thin. film,of -tungsten:iexerts:no/ appreciable: filtering effect  BiBensedey aepeieedn cae A stallization.of,the tungsten..during,., 
upon, the.. X-rays, but: it; does; disturb sthe electrical: conditions} withint the of one WLS ub €- aThisias Cay ts pet ant Hon is not,an. indigation, of, : 
tube. ‘Experiments -haye;shown-thatia grounded metal: wireimay be the exhaust of focal ad the size o 3 7 

: brought upiintoactual contact, with .a.clean bulb «whem the tubeis operate eee eee size of the focal spot. — 
ing, | whereas .with:a,tube; haying,aometal depositinside,ssuchsarwitemust AS i scald PHENOMEN on 
be moved; away a,number of: inches ito,.aveidopunieturing thestube: «(Phe | 

metal.of the tube stand is.usually,eroundediand the number:of:punctured 
bulbs would be greatly reduced if the practice of blackening bulbs were 

discontinued..and.-if-care-were--taken. ‘to-aveid-approaching-the metal of 

_ the tube stand any nearer the bulb than is absolutely necessary. . Further- 
more, this practice results in no appreciable gain. ‘ie may succeed in 
increasing X-ray production a few per. cent; but < | the same time, it 

greatly reduces the life of the fibad’= “*°* WN 4 
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RADIATOR TYPE COOLIDGE KeRAVSPUBES:. 
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Fig. 7.. RADIATOR TYPE COOLIDGE X-RAY TUBE 


CHARACTERISTICS 


The physical characteristics of this tube are in general the same as 
those. of the Universal Type.Tube. .‘Dhere-is this important: difference, 
however, that the Radiator Type Tube is capable of rectifying its own 
current. It may, therefore, be operated directly across the terminals 
of either an induction coil or a high tension transformer without the 


interposition of any auxiliary rectifying device. In construction, it is 


quite different from the Universal Type Tube. 


Fig. 8. CATHODE OF RADIATOR TYPE COOLIDGE X-RAY TUBE 


DESCRIPTION OF RADIATOR TUBE 
BULB 
In the Radiator Type of Tube, by far the greatest part of the heat 
imparted to the target is conducted to the copper radiator, instead of 
being radiated through the glass wall.of the bulb as is the case with the 
Universal Type Tube. . It is, therefore, possible to make the glass bulb 


of the Radiator Type Tube guite small.. The bulb: measures 334 in, 
In diameter and the over-all length of the tube is approximately 19 in. 


o 


CéalidgesX-Ray, Rube) S9136B=19% 


 CRATHQDEr jnomitegxs od} aodw eew ties WHITIND “s2tovat to Huser a ep 


The filament, Fig. 8, which forms the é¢athédée vt “EhIS! tab) 4g” 
similar to that rok ithe Mniversa’ ob Lyper Fubar ao CTORTHM 


FOCUSING BEVICE™ sat ar betead 2] Sdisd Brod lo Joenielh on] 


odny na) wT i627 any errt | adt to 
This consists of a. cylindrical tube of mo ybdenum to which is 
phobia! baby! GF thle Nadas Sota | 
attached a hemispherical etip“of “tHe “Same metal.*By means of this 
constriction ‘acesmall' focabbspotc with .a Uvery Saniform! sdistri bution! of 
energyds seoatedils eort teed govomer deittw aolisuatenos ¢ yd bobiovs 
‘ Ne ; fe / sedate ye 
foily ts. sintsioqmss elt eécloast devon Jj et isorion nt Jedd yi bigs 
eosiq “salst’ neo” enoiios!s to fHoizeims sinotirro al MED 


a RRR eS NRA A sce oe oh Oh atadesnh beans cr creindnsaitond saeamsivens etn acianm: ne teen ram anime in eneremmmnn meee 
? 


piphnetonsieet i besooninnnntnencdeit seibarischancust 


WOTIWS SALA NOBAZ] WAAR Ea 


; ‘ 2 fe B 
2 WITS WVAMA LY 
Fig.9. ANODE-OF-RAD ATOR TYPH;COOLIDGEIX-RAY TUBE 


Nhe 


THE ANODE 


YON omz (S4Pan.) 
the glass of the anode arm 
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elded to the stem. ‘The tungsten - 
- bomb t} is 2°59 eri (OS. 
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the following experiment: It war 


size focal spot and a solids tus akget,at was possible, when begin- 


ni ith the ta to £1 ut ti as long. 
wile TE aL 0H Jer SEB aus Ren ale fess hi = Jong 








Soxs6Berd Géolid gesX-Ray,\Fube) 

| as a eesiilt of “inverse” current, as it was nee the experiment was Started) » 
with the ;target at apdull.red heaton? doicw 8 .gil jnomeld oft 
METHOD OF HEATING THE CATHODE’ & =! 


The filament of this tube is heated in the: same, Nei ie as 
of the Universal Aype Tube. : soa eepten dT 
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oils ig 2 “THEORY.OF ‘OPERATION | cer ard 8 ee 
io Ts the! oe. Type of-tube, the: passage: -of\“inverse®’ ,eutrenteiso — 

avoided by a construction which removes heat from thé:focak spotiso9 

rapidly that, in normal use, it never reaches the temperature at which 


an sgiable| thermionic emission of electrons can take place. 
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Coolidge X-Ray Tube 8or36B=73 


In addition, in this! ype: ENE tube, ‘the ‘tempetatdve of the focal 
may, be raised . to. that, oe the. cathode. Spiral. and, even brow ht. t ae 
fusing point, while. the. tube i is operating On. alternating ie ; 
the. tube. allowing ; any ‘appreciable “inverse” current to Pass. ate she 
fact is probably explained by the presence “of gas in ‘the. Sit 
tungsten, anode. and to the effect. of, this BAS, in, APTRAINE, the th OUR: 
emission « of, electrons from the focal spot. woe 


HIGH TENSION CIRCUIT 


Although this tube is self-rectifying and may bé operated directly 
ere the, terntinals,of,ia high tension transformer-,,or. nductien i 
Without’ the) interposition : of auxiliary: rectifying devices, ‘it will operat 
equally wellion types of, apparatus. ees deliver; naehibes high pape 
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doce Igoot “archi Fe | METHOD OF OPERATION: cf otibbs al 


"When ere tHe RAG tor vp “ibe oft ‘machines delivering Ao 
current, ‘the’ ‘ime yeneray’ instructions apply ‘ae ‘for the “Universal 9 Pe 
Tube; “taking Cate, However, that ‘the’ rey lee eh Of leuk 
never exceeded. ne GRO IGHOONG ef fos 

~Whett Operating: this’ Be ih AR tae) its ‘owt client, ny ft enanue 
of conditions makes necessary certain Hanges in method of operahiGee 
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ios Upenroperatine’ oo atuibe dirsetly fier theosed6hdary! ofl traixes 
former He iinverse! aoltase ismalways thighéeteqhan othe) ‘Saad 
voltasée. lsiConsedigentivy ithe omeasurement® of aube woltexe Wyupa 
parallel spark gap used in the ordinary way, would, in general, bé'syen? 
misleading) asthe observed isparlo lensth Corisponds © the ia Verse” 
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Apparatus for @perhting His Wtibé! Féctifyide its own current is 
usually, designed.,.t9 to..funnish a, voltage, corresponding .. fQqaridday gap 
between. points.», Experience, has..shown, that,,.if all ,radiographs: ane 
taken, with. the, same; voltage, the, average: quality, and. diagnostic, value 
is bet ee than, if an,attempt is made to. vary, the, voltage, wibige: et jogisd 
oyawhbe, seme has, been shown: to,:be, truer for, variations ef current 
through. the, tubei-.,We,,therefore, recommend: that. the Radiator, Dube 
be..operated., always, -with,,the same, voltage’: (backrupy, hem 
Ae ay job bis, should, be, the. maximum,.capacity. for which the tube 
is-designed:as indicated by ithe. ATKIGgS. itw edt sexs denot aovie s of 
i alW/hen,operating.a tube,in this manner, it,is;also convenient, fo suse, 
always the same distance between. foeal spot and, plate. Or most, radior, 
graphs., + Chis tedmces.tthe: number sof, variable factors; which. infmence 
the; making of ..a radiograph, to one, namely,ithe time of yexposure., 
The operator having a machine and the, tube,ence set, to; work..at.a fixed, 
tate, of) .say,.5-in,; back. up,and :10miliamperesand;a, fixed focalspot 
listance .of,.18, in,.has his apind) entirely, aaa devote pto..prepe|r 
posing of the,,part,to,, be; tadiogtaphed. _,,Oncé sposed, he. has. only, ite, 
deride, the time..of expestire, necessary, and.:close(the,.switoh for mthat 
length, of, time,..,Hor example, with, the settings made as. ahove,,if, the 
part, to,be.radiographed isa, hand jor, wrist, the operator, has, only; to, close, 
the switch, fort, sec,..jor a medium sizediiknee, B, segn/for oa shoulder, 
10 sec. If the shoulder is thicker than medium size, 12; S€Crpo Ol SVEN, 


14, sec, might, be necessary, and, if: thinner than medium size,8\ seer will 
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Ther tdtte: Or hhe thitkifedss of And Part Gndlthe liter exposure 
may best be determined by Jthe Yudgment and experience of the 


operator... The figures given above are SAPS ASELY AS AR, eae 
: the method and ‘not, as, a. guide. for the fe mal sis Birae Jographs. 
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COOLIDGEoXK-RAY TUBE 
GENERAL DESCRIPTION 


The Coolidge X-Ray Tube cosists of a tube exhausted to a 
pressure of not more than a few hundreds of a micron (a micron is 
0.001 mm.) in which is supported a cathode so arranged that it may be 
heated electrically; an electrically conducting cylinder or ring connected 
to the heated cathode and so located with reference to it as to focus 
the cathode rays on a target, and an anti-cathode or target which 
functions as an anode. 
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The important ctarbeliAicd “Of aan ay Quniercae “Tabet ae fie 
following: 
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1. No discharge current through the tube unless the filament is 
heated. 


2. The amount of discharge current is determined primarily by 
the amount of current passed through the filament and hence 
by the temperature produced. 


3. The penetrating power of the X-rays is determined by the 
voltage across the tube terminals. 


4, The starting and running voltages are the same. 


5.. The allowable energy input is determined by the size of the 
focal spot. 

6. Continuous operation is possible without change of characteris- 
tics. 
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7. The focal spot is fixed in position. 


TYPES 
Cool 
ies, Kesey Ty POA Te. 
Universal Type, Egg G X-Ray ee: iy ca st oe 
Radiator Type, Coolidge KRay ic 
Radiator Dental Type, Coolidge XRay ‘Tube! * 











ie AR RS: 





Coolidge X-Ray’ Fube 69130323 


ort lirra 
Mm iT Lisi 


abit a8 and focra of ‘the: focal: spot may: be determintd by. making 
Jnhiole camera’ focal .spot pictures. of each tube. A convenient metetaiod 
Pp ; M3 


‘icing this test: is:as follows, : 
of a ao a square® Sheet of “lead, - say 1. in,- thick.’ "and: of ee right 


dize. toc take: the iplace usually ‘occupied by ‘the diaphragm in| the..tube 
Make a> cofiical depression in the: center with a’ tnathinist's 


nd. 
see enet of! otlier . suitable. tool.....With. a. knife .r emove the': tiny, 
prominence produced: in, this’ way on’ the ‘back of the ‘lead “plate; atid 


¢hen, with a! pin or small: drill, open the -hole tothe: desired size; say ‘0: 02 
ins an diameter. ‘(If the .hole. is. too. large. the. focal-spot picture. wall 


ade ‘Sharpness, and if it is ‘too’ small, the required’ time of ‘exposuré* willl 3 
be: theedlesshy. long.) Put the. lead. plate. and. the tube in‘ place: im the 


holder. and. day, the. photographic plate’ ona’ table ‘below, The: size. Ro 


the! focal-spot-pictite may ‘be -varied- at -will by: raising: ot! “owéring: the 
tube holder; If tw is {to be of natural ‘size, the distance from, Paes to 


pinhole’ should be exactly equal. to that from pinhole to focal SPols E osliivxon 
- itis a.good plan‘to ‘make’ two €xposures, one ‘of whichis’ ‘matich Inger 


teak the other... The long. exposure. will then. show. the full extent: of :thei 
focal ‘sp oty and, the, shorter one will show ‘the distribution, of; nee ‘Over: 


Pia 


silts nes 


rege Wk the current and’ voltage employed. 
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vit 


With, a-hot cane Paes ie Size ae fecal nay is aliays. the: samme 
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the desired distancé! and Anes Say? Switch) afterwards closed. At the 
instant of closing the switch, a surge in voltage may, occur which is;much 
higher. than that, at. which, the. tube, ds ? SREP NE Assia sae ae 
"MEASUREMENT OF VOLTAGE ‘WITH. TUBE: 

Bccoitgestnal o iTS: OWN CURRENT?’ 


OF 


ae 


CaS 22 SNe 
drs errts Lid PW 


oe. oe a ie whicts: ae oe doses He ‘directly 
frony the -secondary ‘of | a-,transformer,--the| ‘inverse; voltage |is always 
higher, than thei-‘iuseful,’,-voltage.;,,Consequently,|jthe measurement, of 
tube voltage by!.a,,parallel, spark, gap,,used:in, the ordinary, way,iwould 
in, general, be, meee, misleading,: odie, ebseryed ;, spark - ‘length, pwould 
correspond , to, the,‘ ‘inverse’ } voltage, and. not...to that. which, produces; 
the X-rays and, hence. determines their. nature... A.simple, and)very 


satisfactory ‘method. of. dealing, , with this... difficulty. consists.iin. cons . 


necting an alternating current ‘voltmeter across the. , primary, 9h, the, 
transformer and. _Salibrating once, forall th AS | combination of. _trans- 
former | and. ‘volt. aneter. The, ‘palibration, ,c can. De conveniently, made, 
with the ‘help. of a henoion connécted in ie ‘with, the ats stay. tube. 
The, two tubes. should beso connected. that current, may pass through 
the pe Tay “tube: only in the proper direction. If ROW... ‘Spark-gap. i js, 
connected across. the, X-ray, tube, terminals, it it. measures _ the. “useful” 
vol tage, “(This ‘ useful” voltage is essentially what it would .be be. at, the, 
kenotron were not in the circuit, for the voltage drop in a stiitable 
kenotron is not more than one or two hundred volts and may, therefore, 
be neglected.) If theespatk¢gap is [thd ‘eofineeted directly across the 
transformer terminals it measures the _Anverse volta, c- The 
difference: Between: thé two-twill depend: pon’ “tididad ahd hdtice it is 


necessary that! the} i¢alibrattion! ‘should bel made sane @oad which 
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and this, may. be. made, ‘by, the Sani of the Pe Aa 


Orie emotes oe 


Jaen raisin digit 
ae Z| he ag 9c ae 
ont OW MFETER (READINGS Od 24! obezsa9% 
oe hisqe qu-alosd 
iThexcorrectl reading offiall! meters asethe: ome lat) which’ Maeeindicat 
ing needle comes to rest. | Jne11ue bis sgsslov betiesb oii 
- i z aS sii seol) A 
2 ort | fjesod gag. 91 Sia ee ce é 
FOCAL, SPOT _ loiniw ts einrog dascge odd moswisd sonsteitb sad 


‘I Theostze b6i oe Bs ds oftlinterestuiny radiobrapiy sewtee! reason© 
that: with albvotherdconditions the same) thectube having!/the smallest’ 


foval! spot: wilb pive the dhakpest definition inca radiography ovlsv suis eidl 








UNIVERSAL ae CO sacar TUBES 


DIMENSIONS 3 | 2 


The aL of the peae 0 type tube | ds 7 Age An Peele a _ {The 
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at dnerino eontsotoils TevoTenvw been vlisteneg et qanriolenstd of 
THE, CATHODE. roteros wol s eved blnone torriotenaTy ant .sideheays 
boi Pie vfilament 1A); 2, which forms2the cathode; consists® 6f oa 

closebyowound spitakot tungstenswires § tediie to aneem vd loro 


of Jdeuord 46d Urw tonmriclenss aidd to shie.£ 
victguotodt oc Jr Jedi Jost foqeit ek tt dit 
Jnotieg oft bas banots oll 


forenet wol shit eA. .sotveb 
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s dose: of viodtad oni ewolle emT. .eotna Brot § 30% Degolo Sd: bintode 
oT Rigs a2nCATHODE OF UNIVERSAL TYPE: COOLIDGE X-RAY TUBE? sldsce 
Ane SING liso. sag edlov. Sk ewode vietisd sesitota- bogisro yint A) 
FOCUSLY, DEVICE, , rbent et +1 Gedlov & to.taiog sidsie s ot yibiqer 


set — of @:ieylindticali jtube: of aaolybdenum (B) i sFiges2;c 


Wlov-Sfi to --O1).. lloqag 
wee op Sbarnt od blrode 
Jipons eareisdo ond ot degra orkt 


fae tila 


with a flange, mounted concentric vwithoitheritingsten!ofilamentidand: 


With its; inneérend} projecting: iabout20:5 mmi} beyond: thé plahecof!the 
latter.io Besidés acting :asijascfoctising «device it alsoicprevents: any) 


electronodischarge from thecbackrofithercathodes bbs Iliw disisl tse 


baidsi109 ed vert 2id’T  .bobser sd vent yietted to elles isnonibbs ssi 


ANTI-CATHODE OR TARGET otiw woiveatl lo 9eu ot vd 


tego , ,anti-cathode,. or. target, , Fig. 3,...,.¥h ich, also, envevas “as 
; consists of a single piece of wrought::tungstero:(C):attached” 
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SoLgOBTHT Coolidge X-Ray. Tube OOD AGYT . TACAAVINY 
to a molybdenum rod (D)_ and | ROVBRSHE: te LS ee lit 
tube (Ey ELL SIACAMVIVLU HO YY Sop SB oad : nen 
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Fig. 3. ANODE OF UNIVERSAL TYPE COOLIDGE X-RAY TUBE 


METHOD OF HEATING CATHODE FILAMENT 
|The cathode filament may be heated by means of a Storage. battery 


or a small transformer. The battery 1s universally. applicable. ' The 
transformer may be used wherever there is alternating current avail- 
able, either from the supply mains or from a synchronous converter.* 
The filament current transformer is not to be recommended for 
radiographic work where there is-much line drop or fluctuation in the 
current supplyiaut YAH-x HOCIIOOD AIVYT IACHAVINIU =x :xi7 

The transformer is generally used wherever alternating current is 
available. This transformer should have a low tension oufput)df LO 46119! 
volts and: not over S:amperes: Iti should be capable\of sfinely/araddated 
control by means of either a resistance-o;or} wariable hanductaned> 
device. As the low tension side of this transformer will be brought to 
the full potential of the tube, it is important that it be thoroughly 
insulated from the high tension side; the ground and the patient. 

The storage battery may be tised where there is no source of 
alternating current or M 7 1ere. on account of fluctuation of ee: and 
line drop, the use of a tra isformer § is unsatisfactory... 

The storage battery uid be a..5-..or..6-cell (10- or 12-volt) 
40-ampere-hour battery, : ‘attangements should be made so that 
the battery may be conne ed d during the night to the charging circuit. 
Before using the tube for t he first time each day, the filament circuit 
should be closed for a fevriminutes. This allows the battery to reach a 
stable condition; and <soi, eliminates fluctuations: ini the: filament scurrent. 
(A fully charged storage battery shows 2.5 volts _per__cell, dro Re 
rapidly to a stable point of 2 volts.) It is inadvisable to: f Baie, 
batteryiat, frequent:dhtervals turidgtliesdayibwing to He 
iatailtiran! volhagegeidrreditomibovettitoonoo: bainvent .seash s Adiw 

sit lichattery leads>other! than: those Gelaiauiy with; thectaberare! usedw 
thes shouldenotcde of gneatér resistante sthan theses 2ileads. of.2t0es! 
great length will add enoughsoresistancestos: thes filament oeipcaiti! sole 
that additional cells of battery may be ee igs 2 may be be eee 
by the use of heavier wire. it ogee ssid Dae Ciel 










‘I 


Sc 


Pr The ‘term syuitliondiy Abhverter is ded to ‘designate see is en Fe as 


re 


Teor a)rotaryaconverteniuoiw io. soeiq slente & to etatenos eboas 


Hl 
a G 





CodlidgesXRashKube 8or76RB~e% 


a pp METHOD:0OF, QPERABONonsizib borizsh adi 
edt JAD 


donicryg! sais B82 ne AuIB HE OV ‘operate’ ofily* in Corte cbioa’ ‘witti is gat 
machines, ana always at a Axed Tolbage atid cutvekt, 6 peration is Limited 
to closing the switch for a length of time casa! to produce on the 
photographie filma The WHE MeSKeOhy LS oped A TUCATM 

The factorpof timers ‘thejonty) variabléyin jel Malsm@syof radiographs 
with this tube and this factor will be adjusted in sony eaten with the 
oe nae lexzpenienceiol de operatomlw. ods &. antisisqo nogU 

«we wilbsbe!notede that the cathode iteniinal ! lof ag dentabbube: 4S 
ies rawect téithe! Meromid! whichs wales! it: ceate tO a biuel 


the tebe: very’ qearto the patient) without? ‘danger BEShdelNG IBbNOV San 
DIsOphd: anbide etd)? during: “Operation, isset Che Maxim: seta nd 
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Aicaanileiive shield. © 2 ne ee 
a “THis shield iiose ele ned | eh ‘noe “ane! hb: Figmly’ dnd fog “give ample 
cry protection. di dsdw yilens f19229 Bt 98 ailoy “lnise af) .sestlov 
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at ir 99 ti 2EMENT, ‘OB, VOLTAGE, WITH. EUBE>:- sro ntb 
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78 9 Ord der “to” _ propel détefhiine He voltag 5 “Apptica® to es ‘Coolidge’ 
pein ioe BY midaiis” ‘e oh Hae an b Between” ‘points, erroneous, CO on. 
clusions shotild Be-Aveidéed BY YBa Ope aR Seni PPTL PG oh otis OY OBS 

1. Light filament. 

2. Separate the pots jof ctheimap ty ‘eastytwo inches ae the 
back-up spark desired. 
-teBbasetsthe icontrel as ameanias:possible tosthe poinhavhereritowill’] Bive 
the desired voltage and current. Jaa1.ot esnro9 slbeern gn 

4. Close the X-ray switch. 

5. Bring the points of the gap together until the spark over occurs. 

The distance between the spark points at which the first ‘Sparkihie 
oeeursy;: Indicatés ytherdaites: valuesefiathes voltage iappliéd <across the 
terminals offjthe:itube aniternis off eaedicb eet gapihetween pointsAH3 
This true value isinot, obtained } thi thie: paints of: the fapy ard |firstogetl gti 
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machines specially _ designed for dental work . in connection with ‘this 
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Fig. 13 shows the wiring ‘diagram oF such a machine and the’ wiring 
scheme indicated in this diagram is ey. cdokel out by manu- 
facturers of all such Mathinesh TO TO YPOUHT 
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Fig. 14. RADIATOR DENTAL ° TYPE COOLIDGE SORAY TUBE ENCLOSED IN 
Teal GLASS ecb nee SHIELD 
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with an energy input not NER ni ae: } oe to a current of 
10 San otter at a “useful” voltage’ torrésponding” to a 3-in. ig oe 
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-ene Whether the battery oritransformeris usedofor! heating! theofilament 
the-best techniqué: demands the ise ofan! ammeter! in thesfilament; cir- 
cuit. The meter should have a 5-amperé'scale|large:enough to! be easily 
read to the nearest hundredth of an ampere. pyvy; 
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filament, ; Heating “Clectit | qwhere,, 


control is obtained by the use. of, a, Wariable inductance es placed 
in, series. with the primary. coils. oi of ‘the! filament, 
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‘ wi OS “HIGH TENSION NC feet 
SOURCES OF CURRENT sUBPLY? ©) 3 707 oF al 
aS DE GORE tOD. SOR aso warps forbes atirest IO ‘Ror PhESE aud arate 





ue, The. Universal, Coolidge. Tube. Anay be, operated s in, connection vith 
tion, of high | tension electricit ty, the 
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the following. devices for the, “produc 
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statie machine, induction coil or high tension 1 transformer, ain Big 88 

RECT ICATION ‘OF CURRENT: Edt lovinad jo 

Beg = ‘tube | wilt” sudcessfilly rectify. its: Ow! “current ‘provide cd ue 

energy input is Hot Such aS tO HEACTRS feat ‘Spot or any. part:o of the focal 

spot to a, temperature approximating that of the cathode: fist! at, 
a Rte aavnety E Wy ito PF. if yi ee AY i 





SE Ro 


ieee however, it so been found impossible to Festrict “the 4 ise “of the 
‘to’ comply with the above condition: For this: Teason, {we vecommend 
the use of this ay aes rectified current. AO Be 
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sthe transformer is” _ and. ee 
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Theotube::should never -be:soperated:tino connection!} withsaVtrans- 
eae ronan inductiom -coil; without athe: interposition, Oboa - Jstutable 
walve tube orm mechanical atectifiengins-2 s sved bluode totem 


Se ein oD Sitio 
CONTROL OF CURRENT : {0B TS fo RgDSTpiEoe tess GSrr 534 3 DRST 

: When a high tension transformer iStiséed, control of the- output may 
be secured either by means of a variable resistance in _Series with the 


Wa ee Ce ore ae a Fe DAS ouryenen sad 


primary, Or an auto-transiormer, ~ BER seh a 
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* MILLAMPE RACE Ss 
Fic. 5. CURVE aaa COMPARISON OF RESULTS OBTAINED BY USE OF 
RESISTANCE AND AUTO-TRANSRORMER CONTROLS 


In diagnostic oe “it has been, found. that, it, is almost, impossible 


PES 
to obtain duplication | of results when a series ‘Tesistance “control is em- 


“ployed ‘for™ ‘this “purpose,” We ‘fécommiend * “that an” “auto- -tranisformer 
"He used for control for al Siagiiostic Work and resistance. ‘conittol for 
terapeic wale ORD G! SrdoRs 

With either method of control it is) aie tor ae a nee aching 
circuit. breaker, in. the primary side, of the, high | tension transtormer to 
immediately. open, ‘the, ‘Circuit in case, of, any. accidental ground § in 1 the 


phase 


¢ { 


‘Reference to the - “curves. “shown dn. Tig. 4, will, ‘show ‘the: ‘results 


high, tension, circuit. i ars Sob ogee 


“secured. by. the. use of Ai resistance | control... aS. ‘gompared, with, Be “Use: of 
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an atto-transformer. 
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the tube which is fafthestyfroni(thé- subject tio yoeyradiographed. This 
form .of construction makes at Possible to Req uce the film. to focal-spot 


distance to a minimum. 
ay the short film to. ‘focal-Spot ‘digtandé tialees? it ‘possibile to’ obtain 


satisfactory, te Seen of the teeth ane sans. with (comparatively short 
exposures. 


IThé 


“THEORY OF OPERAT JON 


The theory of operation of the Radiator Dental Type Tube is the 
same as that of the Radiator Type Tube. 
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Fig. 13. WIRING DIAGRAM OF RADIATOR ‘DENTAL 1 TYPE COOLIDGE X-RAY 
TUBE CIRCUIT 


Vea ones COOLIDGE DENTAL 3 X-RAY TUBE Neale DIAGRAM eS 
GAOT GaT i. Me es Gaetan nedvoltan HO YTIOATAS 
B X-ray transformer 
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spite deh DENTAL aos Se eal 
The ‘Radiator’ ‘Dental Type Coolidge xX- Ray “Tube © is designed’ “460 


dental work and’ is” “furnished for use only on ‘types: of apparatus which 
aré specially desigtiéd for berating this tube.” Tt is iatended for taking 


radiographs of the teeth and jaw, only, es is not t intended to De. used 


for general radiographic work.” 
“CHARACTERISTICS | 


The physical characteristics of thisetube are the same as those of 
the Radiator Type. It is self-rectifying within the limits of its allow- 
able nc eh: Sc eens ere ae 
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Fig. 12. RADIATOR DENTAL TYPE, COOLINGH RAY! ceeik 126¢ a fase 


DESCRIPTION OF RADIATOR DENTAL TUBE 


PASS FOGAAE HOTS Sg fe VEER 
This tube is similar to the Radiator Type tube except for a few im- 


portant differences of form and construction which have been adopted 
for the purpose of especially adapting this tube to the worl which it is 
expected to perform. 

The cathode, focusing device and anode of this tube are the same 
as are used in the Radiator Tube. 

The bulb of this tube measures 324 in. in diameter, the cathode 
arm extends 2 in. from the bulb at a right angle to the anode arm which 
measures 9 in. from the bulb to the end of the radiator. The advantages 
of this type of construction are: rays are emitted from the tube in a line 
with the axis of the anode thereby making it easy to manipulate the tube 
to the best advantage; the cathode circuit is grounded so that there is 
only one high tension wire and that is always connected to that part of 





(OAPACITYCORTHD TUBE 


ot tn@apacityicnefersoito theoamoumt!! lof energys thatrra : tube: ‘vill Carry. 


Energymayicbe - .consideredas2thes product offithe .voltageli(sparknigap) 
antiltiplied, byitheomilliamperagest The allowable cenergy input sis sdeter- 
anined; principally by nfdurethings;: :(bpitatget material, 2(2):Jarea ofthe 
ee spot, (3) time during which the energyeisroppliads) (4) tempepature 
ofithe target atthe beginning of-operation.2noiisy to. sijpiarood ot 
doidWheiametallic tungsten ased: for thei! target face :iof : ithe: eve 
type tube has a melting point of about 3300 deg..CiiqHnetgy must: not 
be applied, ta qtantities sufficient oto: raise: the sfocal, spot /4Gothat! tem- 
peratures. Asnapproximatelys 99.81; penscent iofthe energy applied to 
the fecalbspotdis converted intojheat,:Ithe! limitiof the: allowable energy 
input is the amount of heat which can be removedofromarthe focal 


spoicandadissipatedibywtheduabeoibe: gnitteje aot bortem slqeite A 

The greater the area of the focal spot, the larger the atnouitrt! of 
energyiovhiehothay rbeapplied telit.otoiw. sicmisxo tol eso Ss egg T 
oj} hes Univetsal:cl yoe nGoolkidge: Lubes (ATE: classifier igh atdordance 
withthe size ofthe-fécal-spotzand aréltnade)in three:sizes, fine -ineditim 
and: broad fodis.o The; finesfoeus diube i$ recoramendedl for: fluoroscopy: 
and jfor jradiographie: work owhere sharp définitiomeisc desired ands sheawiy 
gucrentsi}ateoinotarequiredo! Ghe mediumofoeus: «bitbes wills tbesjfotmd 
stitable, fon miost) radiographic, Auoroscopicranid H¢ghtitherapéutic dworks 
For. deep therapy and radiographic work where heavy ‘cursembs::iare 


 sequited, the broddadocasijtube sshoulddsbehousedas Asnthecalldwable 
eftergyiinput is-detefmined by theisizerof dhe focalospot; dt listed visable 


alwaiys ‘tookeep-the amount ot current used3 within the following dimits,as 
by: soodoing. the -operatorsis rin: -penérah-agsured: of; satasiactony coperation 
and, long otubellife. -Basedion the voltage: corresponding :toz ao6zinch 
spatk. gap between points, the cfine! focus jtube) should: not hesmade: ite 
earry,mosre;than;;25 ;milliampetes <of} current; jthecmedium focusio50 
milliamperes. and the, broad focus; 80> milliampereseiii opossibles at) wis 
always jadvisable to istart;,exposures (with j the btargetacedldy. or zat 
temperature;-below:;ithat <corresponding to savisible hredness}: when:) ‘the 
energy input approaches theseslimits; » ‘Thestubeimay: bewopetatedlat 
either: greater jornless: woltage, lias indicated by dine patallelsisparki gap, 
but? the eurrent)| should, ibe [correspondinglyninereased orsdecreaseddso 
that the totalienergy.input never-exceeds thé diminations: given above; 
jon ¢Lhejabove seonsidéerations apply tothe tubeowhenoused sion radior 
graphic ;work.,. (For scontinuous! joperationlin radiotherapy, ithe limiting 
factor/is not sOimuch.theltarget as-the-glass.of the bulbs Hpiscpossible 
to;iget the:body of] the:tanget so;hot; that, heatiradiatedifrom itmay 
eausegascto be driven out) ofthe glass; orumaysevennmelt:the:! glass: 


Adequate }cooling:iof the) bulbs by nferced: air circulation: isinecessariy' to 


prevent thiseqms adi bio00t Bas bser nord Iliw ok stoled eA .qag 
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METHOD. OF‘ OPERATION 
Therfilament antist: alwayse be: lighted: before highttensiotiocarcant is 
baoptieds to: \thestube. o:'This precatition! isemorecfor othe: safeguardingn Of 
the patient jandtheicapparatus: than for protection ofthe ctibalc Hitis 
applies to.:tubes , whether onaieewane ime siieeaieies Suh cas dnduétiord-edils 
or high-tensiona) transformetsygicno odd ce: SMUT). srt (8) Joe Ieoo} 
The technique of various. ots a ae soutdéess of sexcitation 
vary so: much ithatctt aso ‘difficult ‘to sige: spanio p suggestions! which 
are ages applicableb O0cG tuods jlo tniog guitism s esd edt sqyi 
>) The following: general Ai ade ita een inay-'be of valulerns od 


UThe higher the filament ‘ctirrent;;thegreaterthe«milliamperage}iiisiog 
iofFhe higher. sage ions iden a bole thie» bhai en eros the 


esc t penetrations vorcs? » Moitw Jdsed to pemome ont zt 3 SORE 
A simple method for starting radiographic ne wil heb it ag 
as follows: rs q 7 39 TRI < acd Y Te ERS SO + Sf tG) SS3T8 aig OTs gs aT arf I 


Take a case, for ae where:: sth bpirator oe beén'doing:shis 
work> with: the ‘Inighetension transformerocontrol lon sthe id 0tho button 
withshis, otdbeodrawing (80: milliamperes) odin!s this?! ‘ease, Sal othatilis 
necessary: with the: Coolidge Tube vis to clight! up! the.-filamento ‘having 
the: filament controliset) for the least: possible amount: of icurtent, iset [the 
high itension'vtransformerocontrobcon the 1othiibutton}ocloses thenmaia 
switch candcadjust! sian filament control anti sa alas is el) 180 
fue, cea ita vveet ersiiw saow otdasteotbst 8B YaRION hove ynre rs ia | 

saving oned. stares coe the'tube to/ithis= ebaBidod “thie bpeianct 


shoedé bread Jandqrevord the tamperagée un “the fitament iciraditeite 


reproduce sthe ccondition! hevthen? needst'merely: toradjdstothe ftament 
current ito vthis. samee valuesand.sset this thigh 2tensiom transformero control 
Oniithes samecnibutvomnodmsthisy wdy,taftereshis .téchniate vis! oie) 
establisheds hen nevericests  theotubelby (operating higwhut dss ouided 
Solelyvoby mthesammeétefawnd® the chightétision ® transformer cicontrsl 
buttone!d While ithis antethodiiscgefiéralivydppieabledit iscaote doakenslonn 
so, das it wilbcbeldourid that (with certainztypésiof @enerators>the wame 
controbdbuttenitend sthelsame snilltamperage as thas so been? suseds with 
oe tubeswill notegive thewame péenettation.: eonosoijgs dugal werent 
os: Taiothels bases, tie tddiostenihet wall: aa 66! (hes Biss 
bade: ameans lofesthenimilliammetertand othé/patallelo wap. of! Tig 
provédure’ canbe sappliedcéqualbyxasiavelt togthey Oodlidge Tabi, Jand 
wilh natutallyeberthevone firstlused incalb cases) where ithe operator is not 
familar with Whisimachine. 0’ Know cthat he: wants) "for lexamples520 
milliamperes. andlia’ 5¢thcparaliebigap; hewilb:startewith the filament 
control adjustediforsthedowest) possible current.) He will’thea adjust 
the flamentcontrolsandctum weste higher buttonsyon the main scontrol 
uhtilitheotube! isodrdwing 20: milliamperes! and backing: wpo thes Soinch. 
gap. As before he will then read and record the amperage /imvthe 
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THEME GENE of AT Uo In AEALGA Sposure 
may best be determined by ‘the Yudgment and experience of the 


| 
operator. The figures given above are intended only as_an illustration | 
of the method and not as.a guide for the making, of, tadiographs. ra ; 
7 eae, 11 shows. the. fadiator, tube enclosed. 1 In the ead. glass protective | 
shield. | 
gh aise Shiela 4 is aie ‘of Joes Someartde enough dead $0 ‘ee for ie | 
same piece effect, Ht is. vuwer Agi times, as. thick as Sheet lead. “The 





Fig. rz. RADIATOR TYPE COOLIDGE X-RAY TUBE ENCLOSED IN LEAD 
GLASS PROTECTIVE SHIELD eis 


‘alle of this aod are V4 in, thick, giving Kray protection . eauivaent 
to metallic Jead 3, in. thick. 
This ‘shield is made. in two’ halves nee are identical and inter- 
changeable. The joint is ground and’ is made at right angles to the 
long: axis of. the shield. It is evident that even if. the joint does not fit 
tightly, no X-rays can escape unless the ee fan 2 to be centered 
directly in line with the ground surfaces. | 
_. The outer ends of each half of the shield are eed to take the 
screw caps. These caps force tapered split bushings of cork in between 
the arms of the X-ray tube and the shield.” ees the tube securely 
in positioniaw theishieldvand qsrevents rotatigd. ACTAIGAM usr nit 
The. “Use, of, this, Shield. ipergoomimended j in: ceases; where, adequate 
X-ray protection i is “nok otherwise afforded, 


mfTT 5 VV Oi tA3 f SS Bie) ori tp a 5 OA f: . *E( ara rh Pas 4 AyET cone LASS ROR OURS eset Werke AG ROS | 
a3 4 hay : A a ie 
at 3 hay FOR } rf “+s 
Sod Bie LOLI ; { hie 
Grea oa ba ay Sd ppt 
Gs of ; os. ; Oe St { } i WTS 
1 4 “ys e' 
He relG oe . : san Z * 
SFPTS 3 i BELT SET Pwo : } Ky > 7 paps | 
J 7 a ew , 
IF LT : : MST es 
b- np see pa 
pon f ; cit E Lh oe) by I ie & 3 OR Sane OS eB | 4 | 


pier roee amidee be BPE LOR OLN Sate 


Thee 


jit 





80r70B=16 CoolidgexXsRayvKube 
. METHOD OF OPE RATION: motiibos al 


‘When Operating the RAdator Be tbe’ on ‘machines seh beeiea rectified 
current, the same general instructions apply as for the’ “Universal : ‘Type 
Tube, taking’ care, however, that the” energy imitation oF ‘the ‘tibe’ 4% 
never excecded. | "* | | oe ee 

“When. operating “this tube ‘rectifying its. owl cutfent, “the: change 
of conditions Sees necessary certain changes: in “methods” Of operation. 


: tA eo sy | EF 
$58 Se ib G ae Siar fee et ts £2. Leh 


ued SPARK: GAR. ‘ota hee woreinostiise et ecsiventt dmanodsiA 

+ Upon operatine the tube aireetty as whee ‘secondary! off tras 
Eee ithe iiverse!’ awoltase isc always thishere than [the “aseial” 
voltage. TeiConsequently ithe omeasuremént® of tube ‘voltase “by pa 
parallel spark gap used in the ordinary way, would, in general, Del VERY 
misleading, asthe observed spark? lengthy cortsponds’ to" the inverse” 
voltage and not’ to! that which eee ithe! X-tays! and: ‘heiice’ deter 


ore b 





mites their nature: TEBIDS IL TD Oe Re SWORE coe 
sce onrwmons Dae Oo weiioenE ts ft eal esl “Sto ebaninrio Att SEOs 
APPARATUS fomnod jo Dodisrs renticlene:) Detoey 


Apparatus for ‘eperating this Utube: PEN own current is 
usually, designed..to. furnish a. voltage, cas us aes £0, ger S-ins gap 
between., points. .. Experience. hhas..shown, that,,if ,all radiographs;are 
taken, swith. the. same, voltage, the. average: ea diagnostic,.value 


Se F Sory 


is. bet er: than, if a8 attempt is. made; to,vary the, voltage. vibice: 6: joora) 
oy BM “he, Same has. been shown: to.be, true: for,. oVatiations. . el, curren 
through. the, tube;,.. We,. therefore, recommend: that, the Radiator, Tu abe. 
be..9 perated., always. with,, the same voltage’, (backsup; ‘Spark)).and,m 
amperage, _ This, should, be. the. maximum. ee qhor. which the ne 
is. ‘designed; as indicated by | the. markings. .14i.7 ; end .sota [sock qevi se Og 
_ When. operating, a ane in this. eae it, 13} also convenient, to use 
Kebae the same distance between. focal. Spot and, plate for most, radion, 
gtaphs,. «This rediuaces, the. number - “of. -yariable factors. which., influence 
the; making. on. ‘a4 radiograph. to one, namely, the time of ;exposure., 
The operator having a machine and the. tube.once set, to; pie sata, fixed, 
rate, of, say,,:5-in.: back, up.and 10- milliamperes, and;a, fixed focal-spot 
distance of, 18 . inn 1 has his amind j. entirely, free. to, devote : £0. proper) 
posing of the, part, to,, be: radiognaphed. Once, one ie ~has,.only: to, 
decide, the time. Of expostite, necessary... ae close the, switch for nthat 
length,o of. HAAMe, 2s OE example, Hwith,, thie EEN eS as. above, sit, the 
part. to. ‘be. radiographed, 1s.a, a handjor, wrist, the operator, h as, only; to, close, 
the switch, for, A sec,..« For a medium,sized: knee, 5, sec.,,/for, a» shoulder. 
10 sec. If the shoulder is thicker than medium size, 12. Setr,0F SVEN. 
14 sec. might. be necessay We and, if thinner, éhansmediam size,) 8 seey will 
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Aldmentcireuitiand thé’ numberof Wee "6A! button ‘and’ heii ‘Sub: 
sn aied euidedesolely bycthiasly odd aicinw sosiq grists! J i east 

(AV henoexcessivelyichigh® energy puts, "are lenasloiyeti tte ines 6h 
at iene focal: spot’ melts and ovelatilizess/Mhiséslts in a sudden’ lowering 
of! thentwhe* résistance -whick disappears ‘iistantly | “upon lowering” the 
ehergy) input, but! the vaporized: tare ster deposits if a thin’ Alm: over ‘the 
wetires hemisphere olethe tube) l’Piissminrorlike metal ‘deposit on tHe 
inkidle ofithecelass should not ibe confased with the vidlet coloration’ which 


abwaystresults wher: the es ile Kind! of ee ee in these bulbs: 48 
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subjected;.to’ prolonged’ exposure. :toi X-rays. This ‘violet colori is: due 
to some change taking place within the glassitself and-is* perfectly, harm- 
less.) The thin. film,ef tungsten: jexerts:no/ appreciable. filtering’ ‘effect 
upon, the,.X-rays,. but. it does; disturb, the. electrical: conditions: within’ the 
tube. ;.. Experiments have:-shown:- that:a grounded ;metal: wire may be 
brought up into actual contact, with.a.clean, bulb.«when: the tube is operat- 
ing, whereas with.a,tube having. a.metal deposit inside, such a. wire must 
be, moved; away, a,number of: inches to, avoid. puncturing the tube, »!Phe 
metal of the tube stand 4 is usually, grounded iand the numberof punctured 
bulbs would be greatly reduced if the practice of blackening bulbs were 
discontinued-.and--if-care--were--taken-to- -avoid-approaching-the metal of 
the tube stand any nearer the bulb than is absolutely ecessary. Further- 
more, this practice results in no appreciable gain. It! may succeed in 
increasing X-ray production a few per cert put aS the same time, it 
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greatly reduces the life of ‘the’ tiibe.’ ree eee 
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be made to back “ more than | a i ‘in, _ parallel ¢ gap. e 


GENERAL REMARKS, on UNIVERSAL . Ty PR TUBES .. 
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RAL eB OF THE BUM = 
While Coolidge Tubes are being exhatisted they are operated up to 
a point that is just within the maximum yas jot! it tubes: ‘that ts;the 
energy input = =is =8uch ae the anode is), ees ‘dtiring 
exhaust withow melting’ the focal spot ay AN Inasmuch as a 
considerable period of time is required for exhausting a tube, it can 
readily, be seen “that a large “quantity 0 Of ‘X-rays will be given off from 
the tube, during this exhaust. L ‘ eee eae cube 
‘Glass is readily discolored by the action ro nes ‘X-fays and different 
glasses wi will discolor differently under this action. depending upon the 
constituents in the glass itself * KOPN example, “Blass ) containing man- 
ganese will he colored ored amethyst due to the action of the X-rays on 
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that particular constityent..of the glass and in a similar manner lead 
glass will Be | colored brown. ‘This latter case is very well demonstrated 
in the brown! color noticed in~all the Tead glass protective bowls of ‘the 
tube stands, which. es — in use nee any. length « of time. 


Sea 






The glass” used- 
- some manganese and the a lish or amethyst color of the bulb which 

is noticed in new tubes is du ih or ae of the X-rays given off from 
the target during the operation—ofistheytube while being exhausted. 


This" discoloration in no way. affects the” Satistactory operation of oh 
tub a OUT YARH-X BOGIIOOS. FOYT TRESS AT A) ER TA TIS 
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In addition, in this ‘typeof tube, the ‘tempefaturé of the focal spot 
may. be raised to that of the cathode spiral and, even brought to the 
8 fusing point, while the tube is operating. On alternating current, without 
the tube allowing any appreciable ‘ ‘inyerse’’ current to Pass. -This last 
fact is probably explained’ by the presence of gas in the copper- 
tungsten anode and to the effect of. this gas in; reducing. the thermionic 


4 3 emission of electrons from the focal spot. 


| | | HIGH TEN SION CIRCUIT 


| Although this tube is self-rectifying and may bé operated “diréctly 


across the, terminals,ofa high tension transformer-..or induction coil 
Without’ the; interposition of auxiliary. rectifying devices;: it will operate 
equally well On tenes of, apparatus wich deli ver rectified. ane bonyion 

| qusreni [syorse ft listed 
iop4Wikether a. on... pocaied: of Gereennek: uaeeuk oe fuses of 
ae, as.a means of control isirecommended.s bree ooesicy 
Fig, 10 shows a wiring diagram of a Radiator Tube operated, Siesta 
across the terminals of a high tension transformer and pais NS 
‘ auto-transformer method of control. SAT ADRES 


4 iar awo eiCAPACITY-OF -PHE: TUBE » 
G53 The inipstantt limiting factor of allowable’ energy rapa Fo “the 
Radiator Bubeis ‘the | ‘areaof thé focal’ Spot.” On" account of'the’ ‘Spécial 
Gonstructiod of the andde: ‘of thé Radiator Type ‘Tube, the’ heat: ‘fromthe 
target is tapidly conducted +0 the ‘outside of the’ wate ‘and ‘dissipated 
By the copper” radiator” i THIS design instites that’ operation “is ‘always 
stated” Gwith® 4. comparatively’ ‘COor “target: © The combination’ of : of {great 
heat capacity” ‘aad the “ability te quickly” condtict’ @nd® radiate feat 
frorn the target makés' 2h possible’ ‘to°apply a: ‘greater arnount Ob eatey. 
to a given focal area. than with the’ Universal ‘Type Tube: © Bors a: (Siven 
capacity ‘the Veal Spot” ‘of! hig? pap es aes o | tach “smaller” than is 
ik SUES BH eV RWS 
Sonoma! | ehetey lasitation ‘OF bath! Raabtse Tube’ will ‘be fotind matked: 
l on’ the! tibe and! dare Should be taken ‘ that’ ed timit® ‘is ‘not "excéeded; 


iq otherwise’ thé tibe’ will be damaged: J DOS ontioetts SAbed TOrBIsGo S14 


soqeWPHete “Only hilliamperege’s ig! Tisai! af inditates’ that “the. tube? ay 

be‘ “Operated ~ ‘Atian éherey’ ‘cofrespending: ‘to te ffarked” current and® ‘the 

Voltage cétespondinig to #B-in, parallel pave between! points.’ fo guiz0g 

| JST Raeh Radistor® OTH Beo ig designed” “EO! carly “the ‘amount OF enerBy 
@ indicated’ By 5 te * ‘phakings) for“ ! peridd : Of! time Stifficient" for Guialeing 
dpndstic! fadiographs- whith require” the: ‘Jongest? epost Or” toe cary: 
a Hibtoscépic ‘load: of 5 milliamperes, At A Voltage’ ‘Gotrespsniding to 

a d.in.” ‘Sparke’gap. axie fainthbera gedd yest er sebinods edt ai. ose 


iw The tube Soild never: sr betlb pevambd: in suth a manner as'to eal Vie Body 7 


of the anode beyond a temperature corresponding to a dullived heatod eqanis 
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asa result of ‘ ‘inverse’ ’ current, as it was when the EAper nen was. started? 
with the: target at a:dull.red heat... 


METHOD OF HEATING THE CATHODE’ 


_ The filament of this tube is heated in the same manner. asf 
of the Universal Type Tube. ae , ih 


“| PHEORY OF OPERATION . es 
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ins the! Beiter. ‘Type of tube, the, passage of; a Pens 


ded: by a construction which removes heat from the »focak spotises 


rapidly that, in normal use, it never reaches the temperature at which 
an appreciable thermionic emission of electrons can take place. 
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| Phere. d ds: porary ar. Oe area in. ae: Genta ok. ae ie 
ae. anew; tube. = (This) is, due,tova . erystallization.. of. the tungsten during, 
the exhaust of the tube and the size of this area is ‘not, an indication, of. 
the size of the focal spot. 


‘FLUORESCENT PHENOMEN ON 


During | the operation of some Raid type. oes there will be 
nctieetl a clearly defined red band at the junction of the anode ead 
: the molybdenum | supporting _ rod. This red band is” merely the 
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RADIATOR TYPE COOLIDGE X- 


“The: radiator tube is” idesignéd solely’ fort diagnostie® purposes and is 
raceanenaey for fluoroscopy: ‘arid’ ‘radibgrapliy” ae LT t- ‘should ‘fever 
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Fig. 7. RADIATOR TYPE COOLIDGE X-RAY TUBE 
CHARACTERISTICS 


The physical characteristics of this tube are in general the same as 
‘those of the Universal Type Tube. There is this important ‘difference, 
however, that the Radiator Type Tube is capable of rectifying its own 
current, It may, therefore, be operated directly across the terminals 
of either an induction coil or a high tension transformer without the 
interposition of any auxiliary rectifying device. In construction, it is 
quite different from the Universal Type Tube. 





Fig. 8. CATHODE OF RADIATOR TYPE COOLIDGE X-RAY TUBE 


DESCRIPTION OF RADIATOR TUBE 
BULB . rae 
In the Radiator Type of Tube, by far the greatest part of the heat 
imparted to the target is conducted to the copper radiator, instead of 
being radiated through the glass wall of the bulb as is the case with the 
Universal Type Tube. It is, therefore, possible to make the glass bulb 
of the Radiator Type Tube quite small. The bulb: measures 334 in. 
In diameter and the over-all length of the tube is approximately 19 in. 
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similar to thatyof the Universal Type Pubes 0 Comer 


FOCUSING DEVICE © © Esc nitaa een 

This consists of a. cylindrical tube of, -ipolybdenum ae fs ae : 
attached a hemispherical cup of ‘the “same~metal. “By means of this 
construction aeesmall focal Fepot: eas a Oy viniform! dagieew of 
enerdyds secatedss micti Jeon govomoy. totiw noWonwenvs - vd BSbiovs 
Astiw Js. 9tnieioamist. edt eedanst. aaven Ji seu. ioprroa nat ae VLEEGST 
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Fig. 9. ANODE-OF- RADIATOR ‘PYPE;GOOFIDGE|X-RAY TUBE. 
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THE ANODE 


The anode stem | consists. seh ~~ Solid Bar of copper~ NG omz (SZrin.) 
in diameter which is | brought out through the glass of the anode arm 
to a copper radiator.| The head} sof the anode consists of a mass of 
specially. purified bopper which is first cast in vacuum on to a tungsten 
button and is then electrically welded to the stem. The tungsten 
button, which rectives the cathode ray bombard ment is 25 tim. ( ODS 

Siegen y; 6 Ee) 


thiekandoo 5s omm, (3% in. * in diame AW Say Ne ATS \ 
The complete target with ra rail sn and has a heat. 
capacity | ‘of « 81 éatories ae degtee Cs ee Wh e _ ptesen standard 
solid tungsten target, complete wi a ieaiin tem jand* iron sup- ga 
porting tube; has a heat capacity of lees shan 110 calories, Because of. . 
its greater heat Capacity, it takes, with a! igive nergy input, mpeh aS 
to heat the) Radiator Type of target to a- Yen-temp rature than, hain ib dogs 
the soli tungsten target. Whatcis\much \nrere important, faa re 


is the fact that, between radiographic exposures, | the target in the 
Radiator ‘Type cools ale es ee ' aa fh ere copper 
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ance ae “is shown by 
the DP oer se It : nd that ne a tube Lae a given 
size focal spot and a solid. tungsten, targeb, at was possible, when begin- 
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